Wheat stripe rust caused by Puccinia striiformis f. sp. tritici is the most destructive rust disease in Egypt and worldwide. The current study was performed during 2014/2015 and 2015/2016 growing seasons to evaluate 57 wheat genotypes, selected from a total of 554 wheat genotypes from CIMMYT for their field reaction to stripe rust infection, as the new sources of resistance. Four epidemiological parameters, i.e. FRS %, ACI, AUDPC and rAUDPC, as well as 1000 kernel weight were used as criteria to evaluate stripe rust resistance and yield potentiality. The analysis of variance data depicted extensive and high significant differences among different wheat genotypes under study for their response to stripe rust infection each year. Out of 57 wheat genotypes, only 12 wheat promising lines; no ' s 1, 2, 3, 12, 13, 14, 16, 21, 22, 25, 50 and 51 had high resistance potentiality to be used as new sources to enhance the level of stripe rust resistance in the local breeding cultivars, making it possible to minimize the reliance on fungicides without impairing disease control. Correlation analysis gave an evidence to the importance of all parameters under study, especially FRS (%) and ACI as good indicators for the evaluation of adult plant resistance (APR) in the tested wheat lines against stripe rust under field conditions. High heritability estimates (up to 99%) and moderate to high values of genetic advance, expected from selection, were obtained for all the studied traits, revealing that most of the phenotypic variations were due to genetic factors or genetic structure of the studied genotypes. Also, it is an indicative for the possibility to achieve high success in recovering the desired genes for stripe rust resistance in future generations. Moreover, it means that the genetic variations were less affected by the changes in environmental conditions from season to another season. It could be concluded that FRS (%) and ACI are considered to be more appropriate indicators, rather than AUDPC and rAUDPC for screening large numbers of breeding materials, because they were more easily to be applied or handled for the breeders that facilitates the success of selection process, during a national breeding program without more time consumption.
INTRODUCTION
Wheat stripe rust caused by Puccinia striiformis f. sp. tritici is the most destructive rust disease in Egypt and worldwide (Line 2002) . It is a macrocyclic rust, causing a serious economic loss in the susceptible wheat cultivars (Jin et al., 2010 and Omara et al., 2016) . Stripe rust was a dominant disease in Central Asian countries in the late 1990 , s and early 2000 , s, accounting for yield losses of 20 and 40% in 1999 and 2000 (Morgounov et al., 2004) . Historically, wheat stripe rust is considered a sporadic disease in Egypt. During the last five decades, severe stripe rust epidemics occurred in 1967, 1986, 1995 and 1997 , attacking the widely grown wheat cultivars; Giza-144, Giza-150, Gemmeiza-1, Giza-163, Sakha-69 and the long spikes; Sids cultivars (Abd El-Hak et al., 1972 , El-Daoudi et al., 1996 and Abu El-Naga et al., 1997 .
Host-genetic resistance or growing wheat cultivars having a sustainable stripe rust resistance is still the most effective, economically and environmentally safe control method, not only to minimize crop losses but also to avoid the sudden occurrence of sever epidemics in the future (Singh et al., 2000) . The evaluation of different wheat genotypes, as the sources of resistance against stripe rust has been previously studied by many investigators. In Egypt, Abu El-Naga et al. (2001) showed that wheat cultivars; Giza-168, Sakha-61, Sakha-93, Gemmeiza-7 and Gemmeiza-9 have satisfactory and an adequate levels of stripe rust resistance during the two years of their study. Recently, Omara et al. (2016) reported that the two wheat cultivars newly released, i.e. Gemmeiza-11 and Sids-12, showed susceptible reaction to stripe rust under field conditions in Egypt, although widely cultivation of these cultivars in a large area nationwide.
Likewise, different wheat genotypes were evaluated in several countries worldwide to elucidate their response against stripe rust infection (Cetin et al., 2006) . Accordingly, most of these countries depend mainly on wheat genotypes introduced from CIMMYT to develop new wheat cultivars with high and acceptable levels of rust resistance. However, these genotypes are distributed internationally through the CIMMYT nurseries system (Singh et al., 2011) .
National wheat breeding program for rust resistance in Egypt is based, to a large extend, upon the wheat resistant genotypes from CIMMYT and ICARDA, besides to the old sources of resistance in the country. Over the last three years, most of the commercial and recommended wheat cultivars exhibited different levels of susceptibility to stripe rust infection under the Egyptian field conditions nationwide (Omara et al., 2016) . Thus, it is necessary to search for new sources of resistance to be used for enhancement of resistance to stripe rust in the local breeding materials.
Therefore, the objective of this investigation was to evaluate a total of 57 wheat promising lines, selected from 554 CIMMYT genotypes for their adult plant resistance (APR) to stripe rust infection under field conditions in Egypt. A second objective was to estimate heritability (%) and genetic advance expected from selection of four stripe rust resistance components that used as criteria for evaluating this resistance. Subsequently, the main objective of this study was to facilitate the exploitation and use of these resistant lines into a national breeding program for stripe rust resistance.
MATERIALS AND METHODS
The present work was carried out at Sakha Agricultural Research Station during 2014/2015 and 2015/2016 growing seasons. Fifty seven wheat advanced lines were selected kindly from the International Bread Wheat Screening Nursery (304 lines) and 9 th STEMRRSN (250 lines) obtained from CIMMYT. In addition, the highly susceptible variety; Morocco as well as the two commercial wheat cultivars;
Sids-12 and Sids-13 were used as the check cultivars (control). All wheat genotypes were evaluated against stripe rust infection during the two growing seasons of the study. The pedigree of the genotypes evaluated in this study is found in Table (1) . Randomized complete block design with three replicates was followed, to carry out this experiment. The experimental unit consisted of two rows with 3m. long. The experiment was surrounded by one meter border of the highly susceptible varieties; Triticum spelta saharenses (T.S.S.) and Morocco to serve as permanent source, and/or a spreader for rust inoculum. At booting stage, spreader plants were artificially inoculated by the rust pathogen urediniospores, following the procedure adopted by Tervet and Cassel (1951) , in addition to the natural infection. The inocula (urediniospores mixture) were obtained from stripe rust greenhouse of Wheat Diseases Research Department, Plant Pathology Research Institute, ARC, and mixed with talcum powder at the rate of 1:20 (w:w). The agricultural practices recommended for the wheat crop were conducted in this experiment.
Disease assessment:
Disease severity (DS %) was recorded four times, one every 10 days interval, during each of the two successive growing seasons, expressed as the percentage coverage leaf area of wheat plants with rust pustules, following the method adopted by Peterson et al. (1948) . Field reaction of stripe rust as infection type was expressed in five types (Stakman et al., 1962) , i.e. highly resistant (0), resistant (R), moderately resistant (MR), moderately susceptible (MS) and susceptible (S). Then this reaction was transformed to average coefficient of infection (ACI) values, according to the methods adopted by Saari and Wilcoxson (1974) . The obtained data served in the determination of the final rust severity (FRS %), as outlined by Das et al. (1993) . Area under disease progress curve (AUDPC) was calculated for each genotype under study according to an equation proposed by Pandey et al. (1989) as follows: AUDPC = D [1/2 (Y 1 +Y K ) +Y 2 + Y 3 +….Y (K-1) ] Where: D = Time intervals (days between consecutive records) Y 1 + Y k = Sum of the first and the last disease scores. Y 2 + Y 3 + …. + Y (K-1) = Sum of all in between disease scores.
Relative area unde disease progress curve (rAUDPC) was also calculated for each genotype, using the equation of Milus and Line (1986) as follows:
Yield assessment:
Grain yield expressed as 1000 kernel weight per gram was determined for all the tested genotypes in the two growing seasons, under study.
Genetic components:
To estimate the percentage of heritability in it's broad sense (h 2 ) for final rust severity (FRS %), average coefficient of infection (ACI), area under disease progress curve (AUDPC), and relative area under disease progress curve (rAUDPC), the following formula was applied:
Genotypic variance (σ 2 g) %Heritability(h 2 )=--------------------------------------×100
Phenotypic variance (σ 2 ph) (Miller et al., 1958) Where: σ 2 g = (σ 2 e+ rσ 2 g) -σ 2 e )/r σ 2 ph = (σ 2 e+ rσ 2 g)/r Genetic advance (GA), expected from selection, was also calculated, for each of the epidemiological parameters according to the following formula:
Genetic advance (%) = (σ 2 g/ σ 2 ph)k x (Miller et al., 1958) . Where: k = 2.06 at 5% selection intensity.
Statistical analysis:
Randomized complete block design with three replicates was followed the analysis of variance (ANOVA) of the data that performed with the software package SPSS13. The least significant difference (LSD) at 5% levels was used to compare treatments means. Also, correlation and regression coefficient "SPSS Regression Modeling" was used to determine the relationship between FRS (%), ACI, AUDPC and rAUDPC and 1000 kernel weight during the two growing seasons.
RESULTS AND DISCUSSION
To evaluate 57 wheat lines, selected from a total of 554 wheat genotypes from CIMMYT for their field reaction to stripe rust infection in order to use as the new sources of resistance, four epidemiological parameters, i.e. FRS %, ACI, AUDPC and rAUDPC, as well as 1000 kernel weight were estimated, during 2014/2015 and 2015/2016 growing seasons. The obtained data relevant to these parameters were subjected to an analysis of variance (Tables, 2 and 3) . The results of analysis of variance depicted extensive genetic variations and high significant differences among the different genotypes for their response to stripe rust infection each year under study.
Evaluation of the tested wheat genotypes for stripe rust resistance, under field conditions:
Rust response of 57 wheat promising lines under study was recorded as rust severity (%), starting from the first appearance of disease symptoms in each genotype, until the disease severity reached it's maximum and final level on the check variety (Morocco). Four epidemiological parameters, i.e. final rust severity (FRS %), average coefficient of infection (ACI), area under disease progress curve (AUDPC) and relative area under disease progress curve (rAUDPC) were estimated to characterize stripe rust resistance in the tested wheat genotypes, compared to the check variety; Morocco, as well as the two local wheat cultivars; Sids-12 and Sids-13, during 2014/15 and 2015/16 growing seasons.
Data presented in Tables (4 and 5) show that thirty wheat lines; no 's 1, 2, 3, 4, 12, 13, 14, 15, 16, 17, 18, 20, 21, 22, 23, 25, 27, 29, 30, 36, 38, 40, 43, 44, 45, 48, 49, 50, 51 and 57, in 2014/15 and only twelve lines; no's 1, 2, 3, 12, 13, 14, 16, 21, 22, 25, 50 and 51 in 2015/16 have displayed high levels of adult plant resistance to stripe rust infection under field conditions. Where, no disease symptoms (pustules) could be observed or recorded in wheat plants of these advanced lines. Therefore, they should be characterized as the completely resistant lines. However, the exploitation and deployment of this disease resistance are amongst the major contribution in genetic improvement of many crops including wheat. Meanwhile, wheat lines; no's 5, 6, 7, 9, 28, 31, 32, 33, 34, 35, 37, 39, 41, 42, 46, 47, 52, 53, 54, 55 and 56 in 2014/15, as well as the promising lines; no's 4, 5, 6, 8, 9, 15, 17, 18, 20, 23, 27, 29, 30, 31, 32, 33, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 53, 55, 56 and 57 in 2015/16, exhibited susceptible disease reaction to stripe rust, but they have the ability to retard or delay the disease onset or development and showed low to moderate final rust severity (less than 29.66), during the two growing seasons of the study. Also, their AUDPC estimates did not exceed up to 265.33 as they were ranged from (28.66 to 265.33) and from (12.66 to 265.00) during the two seasons, respectively. These wheat promising lines could be characterized or identified as the partially resistant (PR) genotypes, and proved to have an adequate levels of slowrusting resistance to stripe rust under field conditions (Singh et al., 2011 and Qamar et al., 2012) . However, no or limited deployment of partial resistance genes in breeding program in Egypt, and it's application has remained little and it perhaps less appreciated than it should be.
On the other hand, other lines under evaluation; no's 8, 10, 11, 19, 24 and 26 in 2014/15 and lines; no's 7, 10, 11, 19, 24, 26, 28, 34, 52 and 54 in 2015/16 show, in general, the highly susceptible field reaction to stripe rust. Thus, they classified as the fast-rusting group of genotypes. The values of AUDPC were ranged from (380.33 to 1175.00) and from (315.33 to 1300.66) compared to the check variety, Morocco (1595.00 and 1652.33), as well as the fast-rusting cultivars, Sids-12 (1051.00 and 1048.66) and Sids-13 (1850.33 and 1953.33) in the two seasons of the study, respectively. Moreover, the decrement in the level of stripe rust severity, expressed as the lower estimates of FRS %, ACI, AUDPC and rAUDPC in the first season less than those in the later season, could be due to the slight differences in environmental conditions between the two years under study (Shah et al., 2010) . In addition to, the high diversity or variation of the prevalent stripe rust virulent pathotypes from one year to another within the pathogen populations (Wan and Chen 2012) . A successful breeding program aim to combine high and adequate level of resistance to stripe rust with high grain yield potential in advanced wheat lines. The obtained results relevant to 1000 kernel weight show significant differences between the tested wheat lines as affected by the level of disease severity. (Tables, 4 and 5) . The highest values of 1000 kernel weight (more than 46 gm) were recorded with the highly resistant wheat lines followed by partially resistant (PR) lines. In contrast, the lowest values of 1000 kernel weight were obtained from the highly susceptible or fast-rusting wheat lines. Similar results were previously obtained by Omara et al. (2016) .
In general, early attempts have been carried out at CIMMYT, aimed to enhance stripe rust resistance based on additive interaction of slow-rusting genes. They researchers in this International center have successfully combined high levels of resistance to stripe rust with high grain yield potential in wheat lines such as; Tukuru, Kukuna and Vivits. They added that genetic analysis of such resistance indicated that at least 4 or 5 minor genes with additive effect, conferred resistance to both leaf and yellow rusts (Singh et al., 2000) . Fully utilization of advanced lines received from International centers, such as CIMMYT and ICARDA as sources of resistance to rust disease, in particular stripe rust with high yield potentiality and other desirable agronomic characteristic for possible use in crossing blocks, is the main objective of national breeding program in Egypt. As discussed before, further studies are needed to confirm and emphasized the effectiveness and stability of the evaluated genotypes for stripe rust resistance as useful advanced lines under different climatic conditions. 
Relationship between the four epidemiological parameters and 1000 kernel weight:
The association between the four epidemiological parameters, i.e. FRS (%), ACI, AUDPC and rAUDPC, and 1000 kernel weight was determined through correlation analysis over the two growing seasons of the study. Data illustrated in Figs. (1 and 2) show, in general, that there was a significant negative correlation between each of the four epidemiological parameters under study and 1000 kernel weight. In 2014/15, the estimated values of correlation coefficient (R2) were 0.919, 0.916, 0.900 and 0.901, for the aforementioned disease parameters, respectively. Likewise, in 2015/16, these values were 0.950, 0.954, 0.926 and 0.926, for the above mentioned four epidemiological parameters, respectively. Similar results were previously obtained when correlation statistics were performed between different disease parameters of wheat rusts and grain yield of the studied certain wheat genotypes (Boulot et al., 2015) . Accordingly, it could be concluded that the relationship between each of FRS (%), ACI and 1000 kernel weight were more pronounced, and higher than the other relations, where the estimated values of R2 were (0.919 and 0.950) and (0.916 and 0.954) during the two growing seasons, respectively. Correlation analysis gave evidence to the importance of these parameters, especially FRS (%) and ACI as good indicators for the evaluation of field resistance of the tested wheat genotypes against stripe rust. Thus, the selection of an acceptable and adequate level of resistance will be achieved easier if a large number of breeding materials will be under evaluation. The previous results obtained by Xiaowen et al. (2008) showed, in general, that it is more practical to use disease severity (%) for genotype screening rather than AUDPC, where there was high significant correlation between them (R2 = 0.91-0.93) Genetic components:
High values of broad sense heritability (up to 99%) for FRS (%), ACI, AUDPC and rAUDPC were obtained, being 99. 85, 99.88, 99.99 and 99.74% during 2014/15, respectively. While, in 2015/16, these estimates were 99.46, 99.84, 99 .99 and 99.87%, for the aforementioned epidemiological parameters, respectively (Table, 6 ). The high heritability (%) estimates clearly demonstrated that most of the phenotypic variations were due to genetic factors or genetic structures (genetic make-up) of the studied genotypes. This result also is considered an indicative for the possibility to achieve high rates of success in recovering the desired and more effective genes for stripe rust resistance in future generations. Moreover, these variations were less affected by the changes in environmental conditions from season to another season (Xiaowen et al., 2008 and Hermas and El-Sawi 2015) . Likewise, the genetic advance (GA) expected from selection, based on FRS (%), ACI, AUDPC, rAUDPC values during 2014/15 were 46.82, 46.63, 81.88 and 43.49, respectively. While, in 2015/16 , the genetic advance values were 45.76, 46.28, 86.93 and 29.35 with the aforementioned disease parameters, respectively (Table, 6 ). The high environmental stability of these epidemiological parameters would greatly facilitate the effective use to improve stripe rust resistance through the selection process. Therefore, it seems reasonable from a genetic point of view to suggest that any of the four epidemiological parameters under study could be used as the more reliable estimators for evaluating and screening wheat genotypes with high and adequate levels of stripe rust resistance under field conditions. Meanwhile, from a practical point of view, FRS (%) and ACI are considered to be more appropriate rather than other parameters for screening large numbers of breeding materials, because it is more easily to be applied. Also, it would greatly facilitate a good and effective selection over a numerous numbers of genetic materials, during a breeding program, without more time consumption (Boulot et al., 2015) . Twelve wheat promising lines; no's 1, 2, 3, 12, 13, 14, 16, 21, 22, 25, 50 and 51 have a good performance (stable disease resistance) with high yield potentiality over the two years of the study. Out of the tested genotypes, 35 lines having the potentiality to retard and delay stripe rust development under field conditions during the two years of the study. Thus, they characterized as the partial resistance (PR) lines. Therefore, these advanced lines could be released directly for cultivation or be used as the new sources of resistance in future breeding programs. From the previous reports, there are two main breeding strategies for resistance to wheat rust disease, especially stripe rust. The first strategy depends upon the major gene resistance (MGR) also, called a complete resistance. Whereas, the second one, is based on the use and exploitation of partial resistance (PR). The first strategy is easy to handle for the breeders and preferable for the farmer's use but this type of resistance prone to lose its effectiveness by the rapid changes in pathogen population. While, the later is similarly effective against all races (race-non-specific resistance or polygenic resistance), and assumed to be sustainable or more durable.
CONCLUSION

